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R e c e iv e d  31 M a rch  200 4 , A c c e p te d  2 0  D e c e m b e r  2 0 0 4
c h ^ u c  for material charactenzation has been set up at the Folded Tandem Ion 
pOT in which a dedicated PIXE cham ber has been installed is being used for
A bstract : PIXE-(Proton Induced X-ray Emission) - a n  ideal te h 
Accelerator (FOTIA) at BARC, Trombay. A separate beam line at 45°
PIXE studies. PIXE studies on gold standards were carried out using pUfKons o f energy 3.3 MeV. Caritage values o f gold standards were obtained 
which agree well with the certified values. Single element standard solutions (100 pg/ml) for low-Z elements such as Cr, Mn, Fe, Co, Cu and Zn 
were analyzed by PIXE. Well resolved a  and ^com ponents o f the X-rays were seen with detection limits in the range o f 0 .8 -4  pg/g.
Keywords : PIXE, FOTIA, gold standards, low-Z elements, detection limits. 
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1. Introduction
IVoton Induced X-ray Emission (PIXE) is a more sensitive 
technique than X-ray fluorescence due to higher excitation 
cross sections for excitation of lower atomic number 
elements [IJ and easier availability of large flux of 
proton beam. Due to its higher cross sections for low 
e n e rg y  elements, PIXE is useful in a number of 
applications for detecting low levels of trace elements in 
bio-sciences [2-4] as well as in material science [5,6], 
which have been carried out in our laboratory at Van de 
Graaff. A PIXE facility is now available and in constant 
use at the newly commissioned FOTIA (Folded Tandem 
Ion Accelerator) [7J at BARC. Gold standards of 22, 20, 
18 and 14 carats was checked for Au/Ag ratios with 
protons of 3.3 MeV. In an attempt to check detector 
resolution and observe the K  X-rays of low-Z elements 
(20 > Z > 30), thin targets of standard solutions of 1 mg/ 
ml (100 ppm) were excited with 3 MeV protons delivered 
at the FOTIA accelerator at BARC, Trombay, and 
Mumbai.
2. Experimental details
Gold standards of 1 cm diameter and 0.5 mm thickness 
were mounted on an aluminium ladder and placed in the 
Corresponding Autheur
PIXE chamber (Figure 1) under a vacuum of the order of 
10~^ . Solutions of low, Z elements such as Cr (Z = 24), 
Mn (Z = 25), Fe (Z = 26), Co (Z = 28). Cu (Z = 29). 
Zn (Z = 30) (100 pi) were micro pipetted on 3 microns 
thick Mylar backing and dried by slow heating under a 
infrared lamp. They were mounted on an aluminum ladder 
and enclosed in a PIXE chamber. In both cases, a 
collimated beam (5 mm dia) of protons of current 7 nA 
and energy 3.3 MeV was directed at the tai^ gets which
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Figure 1. PIXE chm ber.
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was placed at an angle o f  45^ to the beam direction and 
at an angle o f  135® to the detector (Figure 2). The 
characteristic X-rays o f the elements passes through a
well resolved lines o f  a  and components o f  K  X<rays 
o f  all elem ents except for Cr and Mn. The cc component 
o f these elem ents were obtained from their respective
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Figure 2’ Experimental set-up for Proton Induced X-Ray Emission (PIXE) studies.
0.3 micron thickness Mylar window, a 10 cm air gap and 
then a 1 mil thin Be window to detected by the detector.
The detector is kept at an angle o f  90° to the beam  
direction. All samples were counted for a counting time 
o f  1(XX) seconds. The X-ray spectra were stored and 
analyzed by PC-based MCA. The observed intensities 
were corrected for energy losses in Mylar window and 
self-absorption corrections.
Results and discussion
The PIXE X-ray spectra o f  Cr, Co, Mn, Cu and Zn 
elements are shown in Figures 3(a-e). The spectra show
200
Figure 3u. PIXE X-ray spectrum of Cr standard solution.
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Figure 3b. PIXE X-ray spectrum of Co standard solution.
K p I K a  ratios and intensities recorded. Table 1 gives the 
percentage values o f  Au and A g in the gold standards 
and their comparison with certified values. Table 2 gives 
detection limits o f  the low -Z  elem ents. The PIXE X-ray 
spectra show minimum background level.
Figure 4 gives an X-ray spectrum o f  22-carat gold 
standard. The X-ray counts from the PIXE spectra were 
conected  for absorption effects and proton energy losses
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Figure 3c. PIXE X-ray spectrum o f  M n standard solution. 
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l*igttre 3d. PIXE X-ray spectrum  o f Cu standard solution.
in Be window o f  the detector and for the ionisation cross 
sections calculations. The percentage values o f  gold and 
silver were obtained by using the thick sample code (10) 
in which it is assumed that the major elem ent o f  the
T able 1. Percentage com positions o f  Au and Ag in gold  standards by PIXE.
Gold standards Au%. Ag% Au%>, Ag%
(PIXE) (certified)
22 kt . 94.6%  ±  0 .09 91.66%),
5.49{. ±  0 .4 0 8.34%
20 kl 84.9%. ± 0 .06 83.33%..
15.06% ± 0.15 16.67%
18 kt 76.73%. ± 0 .04 75%j.
23.26%. ± 0 .08 25%
4 kl 56.06%. ± 0.07 58.3%
43.93%. ±  0.08 41.7%
Table 2. Detection limits o f  elem ents with 20 > Z >  30 by PIXE.
Elements Atom ic No. D etection lim it (|xg/g)
Cr 24 4
Mn 25 0.8
Fe 26 2 .1 3
Co 27 2 .08
Cu 29 3 .6
Zn 30 3.0
sample matrix is taken as internal standard. Assum ing  
the matrix to be equivalent to this e lem en t, the 
concentrations o f the other elem ents are computed. The 
formula for the calculation o f  weightage o f  the detected  
elements is as follows.
The relation between the X-ray intensity o f  a particular 
element to its concentration for thick sample is given by
= 7 o G * ( c o s e c - i -  (D
where
Mm =
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/^m k  ,
where
Ij = intensity of the > th  element,
K j =  relative excitation cum detection factor,
^  = average angle between the incident radiation 
and the surface o f the sample,
= mass absorption coefficient o f the y-th element 
at the incident radiation,
jUt,j =  mass absorption coefficient of the ifc-th element 
at the characteristic X-ray energy of the y-th 
element,
/4ni = weighted mass absorption coefficient at the 
incident radiation.
M itj= weighted mass absorption coefficient at the 
fluorescent energy o f the y-th element.
Substituting rj, kj, Ij in (1) /qG  is calculated.
Using 7oG, r, for other elements are calculated. The r/s 
obtained are used for calculating new values o f y^nt. An,. 
The iteration is continued till it converges to a certain 
value which does not change further. Table 1 gives the 
percentage values obtained by PIXE as well as XRF and 
the certified . values. It is seen that the values are in 
agreement with those
4. Conclusion
The present PIXE set up can detect % values o f metals 
in alloys and trace elements in thin targets o f low-Z 
elements down to a level o f  few f ig , PIXE can be 
applied to materials modification studies and can detect 
trace elements in thin targets in solution form.
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